One of the strongest risk factors for dementia is the ε4 variant of the APOE gene. Yet, many who carry it never develop dementia. The current study examined for the first time whether positive age beliefs that are acquired from the culture may reduce the risk of developing dementia among older individuals, including those who are APOE ε4 carriers. The cohort consisted of 4,765 Health and Retirement Study participants who were aged 60 or older and dementia-free at baseline. As predicted, in the total sample those with positive age beliefs at baseline were significantly less likely to develop dementia, after adjusting for relevant covariates. Among those with APOE ε4, those with positive age beliefs were 49.8% less likely to develop dementia than those with negative age beliefs. The results of this study suggest that positive age beliefs, which are modifiable and have been found to reduce stress, can act as a protective factor, even for older individuals at high risk of dementia.
Introduction
One quarter of the population carries the ε4 variant of the APOE gene, which is one of the strongest risk factors for dementia [1] . Yet, only 47% of APOE ε4 carriers develop dementia [2] . The reason the other 53% never develop dementia was unknown. The current study examined for the first time whether an environmental factor that is assimilated from the surrounding culture, positive age beliefs-or perceptions about various aspects of old age, reduces the risk of dementia for APOE ε4 carriers as well as older individuals in general.
Considerable research has found that positive age beliefs predict better cognitive performance; whereas, negative age beliefs predict worse cognitive performance [3, 4] . The pattern of age beliefs predicting cognition has been supported by cross-cultural [5] , experimental [3, 4] , and longitudinal [6] [7] [8] studies, together with three meta-analyses [3, 9, 10] . Further, a recent study found that negative age beliefs predicted the development of Alzheimer's disease biomarkers [11] .
Most prior studies examining the etiology of dementia have focused on factors that are negative (e.g., smoking) [12] or immutable (e.g., race) [13] or both (e.g., APOE ε4) [1, 2] . In a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 contrast, the age beliefs on which we focused are both positive and modifiable. Short-and long-term randomized controlled interventions conducted with older participants have shown that positive age beliefs can be bolstered and negative age beliefs can be mitigated with corresponding changes in cognitive and physical performance [4, 14] .
According to stereotype embodiment theory, individuals assimilate a variety of age beliefs from the culture starting at a young age and these beliefs are reinforced across the lifespan; when they become self-relevant in later life, the beliefs can become a resource for or a barrier against good health outcomes, depending on whether they are positive or negative, respectively [15] . The mechanism by which age beliefs could influence dementia likely involves stress. The evidence to support this mechanism comes from both experimental and longitudinal research. One set of studies found that negative age beliefs can exacerbate stress; in contrast, positive age beliefs can help buffer against the deleterious effects of stress [15] [16] [17] . Another set of studies suggests that stress can contribute to the development of dementia [18, 19] .
The positive age beliefs of older individuals appear to provide a means of coping with exposure to ageism which is prevalent in society [9, 15] . It has been shown that older participants in a positive-age-belief intervention interpreted their environment in a more age-friendly way [14] . The reduction of stress by positive age beliefs could potentially contribute to a lower incidence of dementia among older individuals in general and specifically among those with APOE ε4.
Taking all of these considerations into account, we hypothesized that positive age beliefs will protect older individuals, including APOE ε4 carriers, from developing dementia.
Methods

Cohort
The Health and Retirement Study (HRS) consists of a biennial survey of a nationally representative sample of older Americans. The sample is diverse in age, ethnicity, geography, socio-economic status, education, and sex [20] . University of Michigan Institute of Social Research investigators designed and administer the survey.
Our study sample included all HRS participants for whom there were measures of age beliefs, cognition, and the covariates, and at baseline were at least 60 years old and dementiafree as assessed by their baseline Telephone Interview for Cognitive Status (TICS) [21] dementia score (see description of the TICS in Outcome: Dementia Incidence). Participants were followed for up to 4 years. As recommended by HRS investigators, we excluded participants who had APOE posterior probability scores < .8 [22] ; these HRS-generated scores are a measure of the single nucleotide polymorphism (SNP) imputation quality used to generate APOE variants for each HRS participant [22] . In our sample, 99% of the participants had posterior probability scores of greater than .8. The pattern of significant results remained when we included participants with a posterior probability score of .8 or lower.
The final cohort of the current study consisted of 4,765 participants, with an average age of 72 years (SD = 7.19 years). Their race/ethnic composition was 91% White, 6% Black, and 3% other. Most of the sample had a high-school education or greater (86%, with 26% having completed college), was married (93%), and had a history of smoking (58%).
The APOE genotype of the cohort was assessed from saliva samples collected during home visits. A random half of the sample was asked for samples in 2006 and the other half in 2008. Saliva-collection rates were 83% in 2006 and 84% in 2008. Genotyping was performed by the National Institute of Health Center for Inherited Disease Research. The genetic information was archived and maintained by the National Center for Biotechnology Information. The Illumina HumanOmi1-Quad and Illumina Human Omni-2.5 Quad bead chips were used as genotyping platforms. Consistent with other studies [1] , 26% of the participants were APOE ε4 carriers in our cohort (n = 1,250), and within this group variants included 85% ε4/ε3, 8% ε4/ ε2, and 7% ε4/ε4.
All participants provided informed consent: verbally for telephone interviews and written for biological samples. The study procedures were approved by the University of Michigan Institutional Review Board. The secondary data analysis was approved by the Yale Human Investigation Committee.
Predictor: Positive age beliefs
Age beliefs were assessed with the five-item Attitude toward Aging (ATA) subscale of the Philadelphia Geriatric Center Morale Scale (e.g., The older I get, the more useless I feel) [23, 24] . Potential responses range from strongly disagree to strongly agree. We reverse-scored responses, so that total scores ranged from 5 to 30, with a higher score indicating more-positive age beliefs. The scale has good internal and external validity [15, 23, 24] . The ATA was administered in 2008 to a random half of the HRS participants and to the other half in 2010 [25] .
Outcome: Dementia incidence
Dementia was measured with the TICS, which assesses a range of cognitive domains including short-term memory, delayed recall, and mathematical skills [21, 26] . It was administered every 2 years [26] . TICS is valid and reliable in assessing cognitive function in older adults of similar education and age as our current sample, shows little evidence of ceiling and/or practice effects, and has good sensitivity and specificity for identifying dementia [27] [28] [29] [30] [31] [32] . Langa and colleagues have validated the TICS cut-points which classify scores of 0 to 6 as dementia, 7 to 11 as cognitive impairment no dementia, and 12 or above as normal cognition [31] . These TICS cut-points have been successfully validated with a 3-to-4-hour comprehensive neuropsychological and clinical assessment with older individuals [27, 31] . To avoid practice effects, the HRS investigators created four non-overlapping word lists that are given in each of four subsequent waves [26] .
In order to identify new cases of dementia, participants were included in the study if at baseline they were classified as not having dementia (TICS score of 7 or higher), according to the established TICS cut-point score [27, 31] . Dementia incidence was then established by participants dropping to the TICS dementia cut-point score of 6, or lower, in one of the waves following baseline.
Covariates
Covariates that research has shown relate to age beliefs and/or dementia [1, [11] [12] [13] [14] [15] 19] consisted of baseline age, sex, race (White, Black, and other), education, marital status, smoking history, depression as assessed by the Center for Epidemiologic Studies Depression Scale (CES-D) [33] , cognitive performance as assessed by the TICS [21] , APOE ε4 status, and whether a health-care provider had told participants they have cardiovascular disease and/ or diabetes. A higher baseline performance on TICS significantly related to positive age beliefs, r = .19, p < .001. The covariates of age and TICS [21] were included as continuous variables. Education was included as high-school education or greater, marital status was included as married or not, smoking history was included as ever smoked or not. CES-D was included as a dichotomous variable based on the frequently used cut-off score of 16 or greater to indicate individuals at risk for clinical depression [34] . APOE ε4 status, which was only included in the model with the total sample, but not the APOE ε4 carrier model, was included as APOE ε4-carrier or not.
Statistical analysis
To examine the hypothesis that positive age beliefs protect older individuals in the full sample from developing dementia, we conducted a prospective logistic regression model over 4 years. The model was conducted with the earliest-administered age-belief measure as the predictor (examined as a continuous variable) and incident dementia as the outcome, among all participants who were 60 years or older and dementia-free at baseline. We conducted a backward elimination covariate strategy in this model, while forcing the inclusion of demographic variables (i.e., age, education, sex, and race) and health variables (i.e., cardiovascular disease, diabetes, and APOE status), following the covariate-inclusion strategy that was used in a previous study of the association of age beliefs with Alzheimer's disease biomarkers [11] . The following covariates significantly increased the risk of incident dementia: age, education, race, cardiovascular disease, APOE, and baseline cognitive performance. Thus, the covariates included in the final models consisted of those that remained after backward elimination, and the demographic and health variables that were specified in the forced inclusion. These included age, education, sex, race, cardiovascular disease, diabetes, APOE ε4 status, and baseline cognitive performance.
To examine whether positive age beliefs also protected APOE ε4 carriers from developing dementia, we conducted a subset analysis. In this model, we considered whether those with more-positive age beliefs were less likely to develop dementia than those with more-negative age beliefs. Covariates were the same as in the total sample, with the exception of APOE status. For the graphic representation, we dichotomized age beliefs at the mean of 15 and adjusted for covariates (see Fig 1) .
To examine whether positive age beliefs provide a countervailing force against the dementia-risk-factor APOE ε4, so that the risk of dementia among APOE ε4 carriers with positive age beliefs would be equal to the risk of dementia among non-carriers, we conducted a logistic regression analysis that examined whether or not the development of dementia among APOE ε4 carriers with positive age beliefs differed from non-APOE ε4 carriers with both positive and negative age beliefs. Positive age beliefs associated with resisting dementia among participants with APOE ε4 and all participants. Dementia incidence was assessed over 4 years and adjusted for covariates among participants who were dementia-free at baseline. The symbol Ã indicates significant difference at p < .05 between those with positive and negative age beliefs among participants with APOE ε4 and among all participants. Age-belief scores were dichotomized at the mean of 15.
https://doi.org/10.1371/journal.pone.0191004.g001
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Results
As predicted, positive age beliefs protected older individuals from developing dementia in the total sample, RR = .81, 95% CI = .67, .97, p = .03, adjusting for the covariates of age, education, sex, race, cardiovascular disease, diabetes, baseline cognitive performance, and APOE ε4 status. In the total sample, those with positive age beliefs at baseline had a 2.60% risk of developing dementia, compared to the 4.61% risk for those with negative age beliefs at baseline, during the 4-year study period (see Fig 1) .
Also as predicted, positive age beliefs protected older individuals from developing dementia among APOE ε4 carriers, RR = .69, 95% CI = .50, .94, p = .018, adjusting for the covariates of age, education, sex, race, cardiovascular disease, diabetes, and baseline cognitive performance. Among members of the APOE ε4 group, those with positive age beliefs at baseline had a 2.7% risk of developing dementia, compared to the 6.14% risk for those with negative age beliefs, in the 4 years studied (see Fig 1) .
There was no significant difference between dementia incidence of the APOE ε4 group holding positive age beliefs and individuals without APOE ε4, holding positive or negative age beliefs, χ 2 {\displaystyle \chi^{2}} χ 2 = .33, p = .57. In addition, the difference in dementia conversion rates for those with and without APOE ε4 (regardless of age beliefs) was 2.14%. That is, the dementia conversion rate of those with APOE ε4 was 4.50%; whereas, it was 2.36% for those without APOE ε4. This was similar to the difference in dementia conversion rates for those with positive and negative age beliefs (2.17%).
Discussion
The current study provides evidence that a cultural construct, age beliefs, may contribute to the development of dementia in older individuals. In our sample, the dementia conversion rate due to negative age beliefs was within .03% of the dementia conversion rate due to APOE ε4, a well-established risk factor for dementia. The impact of positive age beliefs as a protective factor against developing dementia was suggested by our finding that in the total sample participants holding these beliefs at baseline had a 43.6% lower risk of developing dementia over the course of 4 years, compared to those holding negative age beliefs at baseline. Moreover, among those with APOE ε4, there was a 49.8% lower risk of dementia for those holding positive age beliefs at baseline, compared to those holding negative age beliefs at baseline. These significant patterns existed after adjusting for a number of important covariates, including age and baseline cognitive performance.
The results suggest that positive age beliefs among those with APOE ε4 could be capable of helping to offset the influence of this genetic risk factor. For APOE ε4 carriers with positive age beliefs had a risk of developing dementia that is similar to the risk of their same-aged peers without APOE ε4, regardless of age beliefs.
Positive age beliefs may impact the same causal pathway responsible for the excess genetic risk of APOE ε4. If positive age beliefs lessen the influence of APOE ε4, it would likely occur as a later-life epigenetic process. In this process, the positive age beliefs, which can reduce stress levels [16] , could alter gene expression.
Although there is the possibility that dementia influenced age beliefs in the current study, a number of factors suggest that age beliefs influenced dementia. First, the baseline measurement of these beliefs preceded the measurement of dementia by at least two years. Second, all participants were dementia-free at baseline and the models adjusted for baseline cognition. Third, experimental studies have shown that when older individuals are randomly assigned to a negative-age-stereotype intervention, corresponding to the ageism that older individuals routinely encounter in everyday life, it leads to an increase of cardiovascular reactivity to stress and reduced memory performance [4, 16] . Fourth, age beliefs tend to be internalized early in life and then remain stable over the lifespan, without interventions [36] .
The age belief-gene finding has a number of possible applications. It could advance research on age beliefs, which has not previously considered how they operate in a high-risk-genetic group. Conversely, it could contribute to genetic research through the novel application of the age-belief role. Also, it could inform personalized-medicine strategies to improve cognitive health by identifying those who are at higher risk of developing dementia, as indicated by age beliefs, and then by bolstering positive age beliefs through an intervention. More generally, our finding could provide a rationale for a public-health campaign to combat the societal sources of negative age beliefs. 
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